In an attempt to correlate structural features in substrate binding areas of barley a-amylase with specificity, residues or regions to be altered by mutagenesis have been identified by comparing amino acid sequences2,19) with three dimensional structures of barley a-amylase 220) and relevant related 8223) The focus was on localising putative binding motifs in individual fl_* a segments, that create the substrate binding site of the catalytic (/l/ a) 8 barrel domain.2,3) Such parts are obvious targets for alteration of substrate or product specificity by either site-directed or random mutagenesis coupled with activity screening.l9) The mutants to be discussed here are illustrated by Fig. 1 . The fact that the two isozymes, barley a-amylase 1 and 2, have 80% sequence identity, but show distinctly different enzymatic properties, conformational stability, and sensi tivity to BASI,24-26) made them very attractive candidates for rational protein engineering and suggested studies on isozyme chimeras to be an excellent approach. Recently, comparison of the isozyme sequences with the three-dimen sional structure of isozyme 2 has guided attempts to introduce salt-bridges by sitedirected mutagenesis into the lesser thermo stable isozyme 1 for potential enhancement of the stability.27)
The glucoamylase from Aspergillus niger continues to serve in many ways as a prototype for amylolytic enzymes and other glycoside hydrolases.
In glucoamylase the catalytic (a/ a) 6 domain is connected to a starch binding domain (SBD) through a very long, highly Oglycosylated linker peptide rich in serine and threonine. [28] [29] [30] SBD by X-ray crystallography and N.M.R. spectro scopy, respectively30,32,33) (Fig. 2a-c 3; the parent was C95A isozyme 1 produced in S. cerevisiae.50) The parent was C95A isozyme 1 produced in Pichia pastoris.49) dThe parent was the isozyme chimera having isozyme 1 sequence to residue 90 and isozyme 2 through to the C-terminus;59) the mutant was RGTD269-)IDPQ, i.e., a change from the isozyme 2 sequence to isozyme 156) (the host was S. cerevisiae.50)) 6The parent was wild-type isozyme 1 produced in Pichia pastoris.49) Substrate consumption was either around 30%a or 10%.'-PNP=4-nitrophenyl. The tripeptides subjected to random and biased random mutagenesis are in bold. See text for details.
isozyme 2 was obtained at about 5% of these levels in the two hosts. A thorough structural based interpretation of the mutant cr-amylase 1
properties, has to await the construction of the three-dimensional structure of isozyme 1. 6 ).
Parley a-amylase 2/ barley a-amylase/ subtilisin inhibitor complex
Only isozyme 2 is inhibited by the endogenous proteinaceous inhibitor barley a-amylase/ subtilisin inhibitor (BASI) 57) which is synthe sized during grain filling and present in the mature seed. The enzyme-inhibitor complex formed with Kd of 0.22 nM in a fast and tight classical two-step reaction.58) Side chains or regions important in the specific recognition by isozyme 2 of BASI have been delineated by analysis of . the sensitivity to BASI of isozyme chimeras,26,59) isozyme sequence comparison, and from the recent 2.1 A resolution structure of the complex between isozme 2 and BASI, 60) BASI belongs to the fl-trefoil fold family of proteins61) containing hydrolase inhibitors and receptor binding growth factors.
BASI and isozyme 2 have a large interface of approxi mately 2300 A2 (Ref. 60). The inhibitor was seen to interact with two regions of the enzyme surface in the crystal structure, but not directly with the three catalytic carboxylic acids. However, a unique fully hydrated calcium ion established contact between the carboxyl groups of three catalytic acids in isozyme 2 and residues in BASI via its water molecule ligands.60) The region with the stronger ionic interactions belonged to domain B, that pro truded at the third fl-strand of the 8 domain. 26 substrate/inhibitor-enzyme interactions at a distance from the site of catalysis.42) The conformational stability of the enzyme derivative was considerably reduced relative to the wild-type enzyme , presumably due to loss of the hydrogen bond network that involved the catalytic base Glu400 (Refs. 40, 41) . The gap between the catalytic acid and proton donor G1u179 and the Cys400-SO2 H was increased to around 10.8 A from 9.2 A measured for the G1u179 to G1u400 distance.41) The enzyme derivative consistently catalyzed hydrolysis with inversion of the anomeric configuration of the product as confirmed by N. M. R.42) The retaining enzymes have a significantly shorter distance between the catalytic acids compatible with the double-displacement mechanism.43,64> 
